Based on the previous research of the research group, aiming at the special section which is difficult to be optimized by the conventional algorithm, a four-step optimization strategy of energy saving operation based on heuristic genetic algorithm is proposed. First of all, the mathematical model of train operation can be established by the second law of motion in Newtonian mechanics; Then, genetic algorithm based on real-coded train handle is adopted to solve the energy-saving optimization problem under the condition of time and velocity constraints; Finally, the simulation experiment is carried out, The Matlab algorithm can adapt well to all kinds of line conditions and realize the rapid optimization of the speed curve so as to finally achieve the purpose of reducing train traction energy consumption.
Introduction
With the development of the railway industry, the rail transit equipment represented by high-speed rail has become a shiny national card in our country. By the beginning of 2017, the statistics of China's Ministry of Railways show that the operating mileage of high-speed railways in China is as high as 2. 2 million kilometers and the total railway mileage has reached 12. 4 million kilometers [1] . While the development of rail transit has brought convenience to the national life, it also sets higher requirements on energy consumption. In 2015, the standard coal equivalent of railway energy consumption was 1569. 47 tons of tons, an increase of 1591. 60 tons of tons in 2016, an increase rate of 0. 9% [1] . Therefore, to alleviate the pressure on train energy consumption is imminent.
In recent years, domestic and foreign scholars have carried out research on reducing train energy consumption and obtained a series of achievements. In addition to the research methods of dynamic programming and nonlinear programming, Lu et al [2, 3] also applied Belman-Ford algorithm and linear programming algorithm to the optimization of train braking curve for the problem of regenerative braking of train. The optimization algorithm obtained regenerative braking energy is obviously better than the constant deceleration of the braking curve. Lu et al [4] further proposed a mathematical model suitable for mixed integer programming algorithms. which can quickly solve the time and position coordinates of train speed change points online under the speed monotonicity hypothesis. In order to solve the energy-saving control of EMUs, Liang et al [5] applied the maximum principle to solve the optimal condition set and designed a numerical algorithm to solve the sequence of energy-saving operating conditions. Particle swarm optimization algorithm is used to optimize the train speed sequence by Huang et al [6] . The optimization task is divided into two phases: the first phase is the energy-saving driving strategy with the same running time between two stations; the second phase is the total running time between stations is not Change the energy-saving driving strategy. Li et al [7] used a particle swarm algorithm for similar research work and achieved some results. Chen, Mao et al [8] studied how to track the energy-saving operation optimization model of train on the premise of operating time of a given station compared with that of single-train time-saving energy conservation by 5.8%. When there is a steep descent in the interval, the two trains are more effective in using the regenerative braking energy in the process of en route than in the process of entering and leaving the station. Bo Yun et al [9] based on the standard four-stage energy-saving operation method, based on the standard four-stage energy-saving operation method, the sequence and mutual conversion position appeared by the optimized working conditions are proposed for the long-time use braking of the subway train in the downhill section.
An improved method of operation that uses ramp potential to accelerate a train to reduce the duration of a traction condition.
Under the general green, safe and intelligent development trend of rail transit equipment, traction optimization of train energy conservation operation has become a key basic algorithm. In this paper, aiming at the shortcomings of slow genetic algorithm optimization, large fluctuation of speed curve and easy fall into local optimum, a genetic algorithm based on heuristic genetic algorithm is Proposed to optimize the energy saving speed curve. Then, Under the conditions, the genetic algorithm of train handle real number coding is used to optimize the energy-saving operation, and the validity is verified based on Matlab simulation environment.
Train Energy Saving Optimization Model

Mechanical Equations
During operation, the train will be subject to the braking force, traction and the basic resistance of the role, according to Newton's second law can get the train kinematics equation:
(1) In the formula:a is the acceleration of the train; F c is the resultant force of the train; Q is the train traction; Z is the train braking force; B is the train basic resistance; M is the total train mass.
In the formula:g is the acceleration of gravity, The value is 9. 8m/s2; r a is the reference resistance parameter; r b is the rolling resistance parameter; r c is the air resistance parameter.
Kinematics Equation
Train displacement, speed curve is a complex non-uniform speed motion, this curve can not directly use the movement to solve the train operating curve. For math calculations, find the solution by dividing the curve into infinitesimal segments, accumulate them in time steps of dt, and find an approximate solution. dt t t
In the formula:dt is time step; t i+1 is the time for the i+1th time step; t i is the time for the i th time step; V i+1 is the speed for the i+1th time step; V i is the speed for the i th time step; S i+1 is the displacement for the i+1th time step; S i is the displacement for the i th time step.
Energy Saving Strategy
In this paper, the train running process is divided into four parts:traction, braking, search and connection.
1)Traction phase:The connection between the train compartment is not tight, but loose. If given a sudden pull too large, will pull off the compartment between the car hook. Therefore, we define the starting traction gear between [1] [2] [3] [4] [5] [6] [7] , Every 3s step by step plus a file, when the gear T g, does not shift until the speed added to 60Km/h.
2)Braking phase:In order to ensure that the train arrives at the end of the train, the reverse iteration method [9] is used. Starting from the end point, a certain distance is planned as the braking order, and the braking position is (-1, -2). When T g =-1 , the brake is an ordinary brake, When T g =-2, it is an emergency brake.
3)Search phase: Application of genetic algorithms, search paths and save the last coordinate (S i , V i ). 4)Connection phase: In order to retain the local better because they can not join discarded chromosomes, separate set up bar. Search for the end point as a starting point, given gear T g =7, When the speed reaches 70Km/h, the train runs at a constant speed and intersects the brake steps.
Objective Function and Constraints
Train energy-saving optimization control means that, in order to reduce energy consumption as much as possible, the train needs to meet all the constraints to complete the transport of the specified distance. In this paper, the minimum energy consumption as an objective function. The objective function is as shown in formula 6; the train operation needs to satisfy the start and end speed constraints, and the speed constraint on the way of running is as shown in formula 7:
In the formula:J is the total energy consumption of train operation; F is the train's traction and braking force; T g is the train handle bit; S is the train search order actual operation displacement; V(0) is the initial speed; V is the established maximum operating speed V i ; V(s)is the speed at which the train runs to the end.
Application of Genetic Algorithm
The advantage of genetic algorithm is its strong robustness and simple generality. It is one of evolutionary algorithms. This heuristic algorithm is generally used to solve the optimization problem and is widely used in the field of computer science artificial intelligence. At the same time there are also easy to fall into the local optimum and other drawbacks. Often used to generate useful solutions to optimize. Population 1)Chromosome coding: Chromosomal individuals with vector A to represent, The gene X i is expressed as the online position of the change of the handle position, The established search order X to 0. 1Km for the node is divided into (X 1 , X 2 , . . . , X i ), Gene T g represents the specific value of the handle bit, Using real number coding to compile each gene, the gene T g to 1 as the node definition, the search level T g custom search within the established range. Through the probability of (-1, 0, 1)selected T g search process to solve the problem of cross-file 2)Initial population: Firstly, N groups of vectors A are generated according to the established rules, and then the Chrom group vectors A are selected as the initial population according to the encoding method and the time constraints and speed constraints.
Fitness Function
The advantages and disadvantages of chromosomes in the genetic algorithm is a fitness function as a criterion. Because the research goal of this paper is to reduce the energy consumption of train operation, the lowest energy consumption of train is taken as the objective function J, so the fitness function is f=1/J . In order to facilitate the solution, the constrained problem is usually transformed into the unconstrained control problem. In order to avoid local convergence, the paper adds the penalty factor β of the velocity error.
Chromosome Selection
Chromosome selection has two purposes, the first one being to pass the optimized individual directly to the next generation, and the second one to pass on to the next generation the new individual resulting from the pairing crossover. This article uses the roulette method of choice, after MAXGEN iterations, retains the highest fitness individuals.
Chromosome Replication
1)Cross:There are many existing cross-ways, including single-point cross method, two-point cross method, multi-point cross method and consistent cross method. In this paper, a multi-point crossover (three-point)approach, for the crossover of two groups of chromosomes, random selection of the corresponding multiple points to cross. If two chromosomes select the same gene value, forcing a mutation on one of the chromosomes, this method can improve the convergence rate of the genetic algorithm.
2)Variation: Probability of mutation for chromosomes. When individuals are read in population Chrom, when the probability of mutation P m reaches the mutation probability, the third from bottom gene of the individuals in the transition population will be caused to be zero, otherwise, the mutation will not occur.
3)Chromosomal recombination: Chromosomal selection, crossover, mutation, the number of offspring population and the number of the parent population is not the same. Therefore, after each iteration, we need to combine the elite chromosomes selected by our parents with the progeny chromosomes to form a new parent population and enter the next iteration.
Stopping Criterion
Take the predefined MAXGEN as the stopping rule.
Simulation Example
In order to simplify the simulation, the gradient of the track is not considered here, and a simple straight track line is taken as the simulation condition to validate the above train energy-saving optimization method.
Simulation Environment
Total mass of train M=5000Kg, distance traveled by train S=30Km, maximum speed limit of train V=80Km/h, reference resistance parameter r a =0. 92, rolling resistance parameter r b =0. 048 and air resistance parameter r c =0. 000125. Population size Chrom=50, number of iterations MAXGEN =600, crossover probability P c =0. 9, mutation probability P m =0. 01, generation gap GGAP=0. 9.
Result Analysis
1)Optimization process
As shown in Fig. 2 , the best individual of each generation presents a state of convergence with the change of iterative algebra. The energy consumption per unit mass of the train is close to 153. 4668KWh. When the 275 generation is achieved, the best individual is obtained and the value is stable. Compared with the best individual of the initial population, the energy consumption per unit train decreases by 7. 6843KWh.
2)Best individual The running displacement of the train of search order is 16Km; the actual running time of the train is 1700s; and the maximum speed of the actual operation of the train is 69. 1527KWh. Fig. 3 : When T g =0, the train is in idling mode；When T g =9, the train is in cruise mode; When T g> 0, the train is given positive traction; When T g< 0, the train is given reverse traction. 
Conclusion and Prospect
Genetic algorithm is a relatively mature traction optimization method. It has many advantages, such as strong applicability and good robustness, but it also has many shortcomings, such as slow optimization speed, large curve speed and easy to fall into local optimum. In this paper, the maneuverability is strong as fundamental to the minimum energy consumption of train operation and control strategy, using the method of heuristic guidance, for the train start, acceleration and braking stage (in the traditional theory of the four stages has been relatively clear, the strategy of curing traction strategy), to reduce the search range and improve the optimization efficiency. This paper puts forward to the real number encoding genetic algorithm operation mode for four order handle of a train frame, the final plan to meet the distance and velocity constraints in the 275th generation can converge to the best effect, the optimization efficiency of the algorithm is obviously improved compared with the existing genetic algorithm.
In the future research work, we can try to integrate the advantages of particle swarm optimization and further improve the efficiency and effectiveness of the algorithm. A mutation based particle swarm optimization (PSO) algorithm can be formed by adding the mutation operator in the genetic algorithm to the particle swarm. On the premise of guaranteeing the calculation precision, improving the calculation time of the optimization of the single speed curve can create favorable conditions for the on-line real-time optimization control of the train.
